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RESEARCH MFMORANDUM 

A n  investigation  me conducted in the NACA Lewis 18- by 18-inch 
supersonic  tunnel a% a Mach nmber of 1.85 and angles of attack from 
0' t o  5O to deternine optinrun ~ e s i g ~  c o n ~ ~ g u m t i o n s  for a convergent- 
divergent  tspe of supereonic diffuser wLth a subsonic diffuser of So 
3ncluited divergence angle- Total-pressure  recoveries Fn excess of 
theoretical  recovery  across a n o m 1  shock a t  a free-stream &Sch 
nuniber of 1.85 were obtabad with several conf'igurations. 

The highest recovery f o r  configurations  without 8 cylindrical 
throat sec-f;im was obtained with an &let having an lmluded cmver- 
@ace angle of 20°. ihsertik of a 2-inch throat  section between 
a loo included angle inlet and the subsonic diffuser stabilized the 
shock inside the diffuser and resulted in recoveries a8 high as 
0.838 free-stream total pressure at an angle of attack of Oo, corres- 
ponding t o  recovery of 92.4 percent of the ldnetic energy of .the free ' 
air s t r e a m .  Use. of the throat secticm a lso  lessened the reduction in 
recovery of all configurations due to angle of attack. 

Diffusion of the f ree  air stream in a m e r  that results in 
rrnzximum total-preasure recwery is essential t o  efficient  operation 
of ram-jet en#nea. The perrtlcular neceseity for determining the 
optimum &iffuser des2gns f o r  supersonic ram-jet engines i s  accentu- 
ated by %he losses in total pressure  associated with normal shock 
waves. The effect of the shock can be mlnlmized only through reduc- 
tion of the mch number a t  which the shock occurs. Diffusers that 
accomplish t h i s  desired  reduction in Mch number have been groposed 
by Oswatitsch  (reference 1) and Bantrowftz e,nd Donaldsan (reference 2). 
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Reference 2 presents the theory of the convergent-divergent diffuser 
together with preliminary expeYimenta1 results of such a diffuser a t  
an ang le  of attack of Oo. m 

4 
N 

A s  pezt of a general study of supersonic diffusers, a dek i l ed  
program has bean undertaken a t  t h e  MACf.Lswis laboratory to establish 
optimum deeign configurations f o r  the oonvergent-divergent type of 
supersonic  diffuser. Data have been obtained in the  18- by 18-inch 
supersonic tunnel a t  a Mach  number of L85 t o  ahow the eff'ecte of 
inlet eagle end straight throat Length after contraction on the pres- 
sure recovery a t  angles of attack up t o  5'. The reeults include the 
effect of m i a t i o n s  of the outel t  flow area of the diffusers. Data 
a re  also presented f o r  Et diffuser having a cylindrical inlet with no 
contraction end for  a silnple diverging  diffuser to 68rv-e as a cornpara- 
tiVe basis for evaluating the convergent-'divergent  type of diffuser. 

" . . 

mmm rn PROCEDURE 
- 

The d i f f u s e r  combinations were tested in  the Lewis 18- by 18-inch 
superaonlc tunnel, which at the t i m e  was calibrated by measuring the  
angle of an oblique shock generated by a cone. This method is accurate 
t o  about 2 percent in determining the free-stream Mach  number at the 
diffuser inlet .  

" 

.. - 
. . .. 

The complete t e s t  configuration  caasisted of a cgundrical  eec- 
t i an  eimulating a ram-jet combustion chamber, a  straight tapered m b -  
sonic Biffuser with ea included divergence angle of so, and straight 
tetpered in le t s  and cylindrical throat sectiane f i t t ed  on the subsonic I d  

d i f f ~ 8 8 r  i n  the deeired combinations. The schematic arrangement and 
princi-pl dimexwions of the model are given in figure 1. No fairing 
was used a t  any of t h e  junctures between t he  component parts. 

The Fnvesbigatim included tests of' 10 convergent, 1 cyulldrical, 
and 1 divergent inlet (fig. 1) alone and in  combination with various- 
length throats. The principal dimensians of the in le t s  and a sunanary 
of the inlet-throat combinatiom investigated are .given i n  table I. 

The inlet-thrmt combinations using convergent  inleter a re  iden- 
t i f i e d  In table I and. will be referred to in the rest of the report 
according t o  the follonlng practice: The first numeral indicates the 
included convergence w e  of the W e t  T , the second  numeral gives 
the geometrlca,.l- contrection  retio of the i n l e t  (nose arsa/minimum 
area), and the t h i rd  numeral shows the length of straight throat 
sectian L. (See fig. 1.) For example, configuration 5-1.1904 
denotes m W e t  w i t h  T = 5O ana a contraction r a t i o  of 1.190 wed 
without a tihroat section. 



4 The locations o f  pi to t  tubes-, static-pessure  orifices,  and 
Pitot-s ta t ic  tubes u 6 e d . h  determining the pressure cond&tions a t  
the entrance to the s i m u l a t e d  combustion chmber are ahown In flg- 
ure 2. Additional s k t i c   o r i f i c e s  were located in the inlets, the 
throats, and the subsonfc dfffmer for determining the  longitudinal 
ewtic-pressure  distribution. The pressure  tubes connected t o  these 
orifices were carried  along the outside  surface of the dsfuser  with-. 
out external fairing. 

N 

!z 

Total pressures in the free s i z e e m  a t  We diffuser inlets 'were 
calculated from total pressures measured in  the tunnel se t t l ing  
chamber. The E t i o  of free-stream total pressure t o  settlhg-chamber 
total pressure had been established f o r  each inlet position from a 
previous tunnel  calibretion and these ratios -re assumed t o  be con- 
stant throughout the - tes ts - 

A l l  peseures were photographically  recorded on a multiple-tube 
mercury mummeter. A i r - f l o w  conditions about the diffuser M e t  
were observed with a two-mirror schlieren system and were occasion- 
a l l y  photographed for  record purposes. 

3 

Configuration 10-1.176-2 was investigated at angles of attack 
of oO, lo, so, and so; the other configuretlons were tested ~ n l y  a t  
Oo and 5'. A t  each angle of at tack the back pressure an the diffuser 
outlet  m changed by varying the outlet are& of the simulated com- - bustion chamber by m e a n s  of a conical plug a t  the rear of the model. 

. (See fig. 1. ) 

When the outlet  gassage of the simulated combust~on chamber m s  
closed, an unsteady OsciUation of the shock bar wave ahead of the 
diffuser inlet was visually obeemed through the schlieren system 
fo r  all configmationa. The typical movement of the shock wave a8 
the outlet  pasage was opened is shown in figure 3 by the schlieren 
photagrahs of the 5-1.190-0 configuration a t  angle of attack. 
A t  eznall ratios of combustian-chamber-ou~let ~ ~ 8 8  t o   d i f fusep in le t  
area  ( A ~ / A L )  the air flow through model was sdficien-€ t o  
steady the norm1 shock ahead of the inlet a s  ahown in figure 3(a ) . 
The shock directly ahead of the diffuser inlet agpeers t o  be nor& 
t o  the air  stream rather thaa parallel t o  the diffuser-entrance 

all angles of attack. When Ag/A1 .was further increased the norm1 
shock moved toward the inlet (fig. 3(b)) and f h a l l y  vas entirely 

pfane a t h i s  p h O t O m @ I .  This relative 906itiOIl w&6 O b B e r V d .  a t  



4 NACA RM E5om7- 
r -  

contftinea within t h e  diffuser  (fig. ~ ( 0 ) ) .  Operation  at t h i s  final .. 
shock position i.8 considered desirable with this type of diffuser 
in order to  avoid  high external nose pressures asd to increese t h e  
me6 rate of air  flow through the diffuser. 

N 
LC 
(D 

Typical  static-pressure  dfstributions along the internal walls 
of the M e t ,  the throat section, and t h e  subsanic  diffuser of the 
20-1.190-2 conTiguration are shown in figure 4 REI the ratio of wall 
static pressure to  free-stream  total  pressure, pho .  Propessive - 
motion of t he  norrual shock wave into the inlet and down the  subsonic 
diffuser as the out le t  area was Fncreaeed is apparent from t h e  posi- 
tim of the &harp upwar& break in t h e  pressure  curve at the different 
conditions. At 5' angle of attack (fig. 4(h))  the pressure  differen- 
tial  between  the  upper and lower  surfaces of t h e  diffuser (solid and 
dashed Unes)  oawed.by uave  reflections and impact m s  rapidly damped. 

r 

.. - 

Static-pressure.  distributions (p/Po) at  the  entrance  to the 
combustion  chamber .for a typical  configuration  are  presented i n  fig- 
ure 5.  The pressure-tube  locations  in  figure 2 are  translated  to . .  

lie  in a single  vertical  plane in the  plotting of figure .5; two 
pressures  are  therefore  plotted  at each point. As expected,  the 
static Pressure across  the  combustion  chamber  was  apparently  equalized. 
The  variations in total-pressure  recovery (Pq/Po) shown in f i m e  6 
therefore  indicate  ch8.n$es  in  the  velocity  distribution  across  the  com- 
bustion  chamber.  Wall  static pressures plotted a,s t o t a l  preesuree at the  
1.8-inch-radius  position  give a means of ready  estimation of dynamic 
pressure. For all configuratfons  the  flow  was  almost uniform through e 

the  combustion  chamber  at all angles of attack f o r  value8 of &/A1 
less  than  approximately 2.30. ' A nonuniform  velocity  distribution 
occurred  at  larger  values of & / A l e  A symmetrical  high-velocity 
region  occurred  at  the  center of the  combustion  chamber  at 0' angle 
of attack.  The peak velocity  shifted  slightly  toward the top  at 
5' angle of attack. 

4 

Static  pressures  measured along the top internal  surfaces of 
the inlet and the forward portion of the subsonic  diffueer are pre- 
sented in figure 7 for the configuratiane having the 1.190 contrac- 
tion ratio W e t s  without throat sections. Supersonic flow wae 
established into the inlets having included  convergence angles from 
5 O  to ZOO for values of A ~ / A ~  greater than approemtetu 0.9, as 
ahown f'rom the low static pressures Ln the  inlets. The contraction 
ratio 1.190 used  in  these  inlets was selected prior to calibration 
of the tunnel on the supposition that the mch number of the tunnel 
test section would be 1.89. Thie con4xactian  ratio would result'in 
over-cmtmctian of the air stream at a mch number of 1.85 and, 

c 
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according to one-dimensional theory, the  shock  would remin outside 
the Fnlet. (See reference 2. ) The difference  between  the two mch 
numbers, 1.85 and 1.89, 1s wit- the precision  of t he  tunnel 
calibration. 

Static pressures in the inlets of the 30-1.190-0 and 40-1.190-0 
configamtiom renrtfned  high for all conditions  of  A5/Al, shatrlng 
that a noma1 shock occurred ahead of the  throat-  Visual obsema- 
tion  of t he  W e t s  through the schlLeren system disalosed,  however, 
thaj; t h e  normal shock  did  not  remain ahead of the inlets. It is 
beueved that an inversed bow shock  occurred  just  inside the  inlets 
in a m e r  theoretically  predicted by Ferri (reference 3). 

The static pressures In the Inlets  for  conditions  where  the 
normal shock  had  entered a r e  plotted in figure 8 to show the com- 
parison with t h e  theoretical pressure  dis-fbutions  determjned from 

' cansiderations of t he  fl0w-t- m e  alone. (see reference 4.) 
Ln t h e  determination of the  theoretical curves it was assumed that 
the deflection of the flow by t h e  inlet l i p  was analogous to t he  
deflection caused by flow I n t o  a corner  equal to half the included. 
convergence angle of t h e  inlet. The location of t he  measwed pres- 
sures above the respective  theoretical  pressures  shows a flow con- 
pression indicative of transition from two- to three-dimensional 
flow, arpproximting the flow field  analytically  investigated by Ferri 

me total-pressure  recoveries (P~/PO) of t h e  W e t s  w i t h  
1.190 contraction  ratio a r e  presented in figure 9 as a function of 
A~/AL. me theoretical  recovery as detamtued f r o m  one-dimensio- 
nonviscoue theory baaed on a choking condition at the combustion- 
chamber outlet is included. (see the appendix.) 

According to theory, t h e  normal shock  should Mve remained out- 
side t h e  diffuser with resultant  total-pressure  recoveries  corre- 
sponding to a norm1 shock at a free-stream mch nurmber of 1.85 for 
values of Ag/A1  less than 0.846. At this area ratio the norm31 
shock should have entered the M e t  and reestablished itself in the 
eubsonic diffueer at an u p s t r e a m  m c h  nuniber of 1.85. A decrease 
Fn 'combustion-chamber-outlet area to give A5/Al = 0.751 should 
have moved t he  shock back to t he  throat where  it  would  occur at the 
minimum ups.tream Mach nmber and give the maximum total-pressure 
recovery.  Conversely,  increasing  &/A1 above 0.846 should have 
drawn the ahock farther into the diffuser, resulting in higher 
upstream B c h  nuuibers and resultant reduced pressure recoverfes. 
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~ r e s s u r e  recoverlee a t  Very ~ a r  va1ues of A ~ / A ~  approlctlnated .. 
theoretical recoveries for a mock at free-stream hhch number ina8much 
as the diffuser W&B essentially operating as a total-head  tube under 
those conditions. As Ag/A1 was increased the measured recoveries 
fell below the  theoretical  recoveries, m i g  t o  f r ic t ion  losees in 0 

the diffuser. The point of sharp change of curvature of the pressure- 
recovery curve  occurred a t  palues of Ag/A1 between 0.9 aad 1.0 fo r  
a l l  inleta, indicating &t shock losees f i r e t  occurred in the sub- 
sonic  diffu8er a t  %hose area ratios.  

4 
N 

". . 
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Recoveries w i t h  the shock inaide the subsoazic diffuser ehared 
.. . .. - -  . .  

good agreement in slope with the theoretical curvee, but the area 
ratioa A S / A ~  were larger than the meoreti& values. m e  general 
s h i f t  is attributed to discrepancies between the mea8Wed geometrical 
outlet  area As and t he  i dea l  flow area upon which the theoretical 
curve8 a r e  based. Friction  effects  contribute to the uariationa in 
displacement among the several diffu~ies6. 

The peaked recoveq curves obtained with inlets of 5O, loo, So, 
and 20' included convergence angle indicate that the norm1 shock 
wave wa~ moved closer to the throat by a decrease i n  A5/A1 after 
the shock had entered the M e t .  TBe.ge,neral t rend  of the data shows 
increaeing values of? recovery as the inlet angle was increased. The 
m&xirnum recovery measured was 0.814 of the free-stream total pressure 
(fig. 9 ( d ) )  and was obtained w ~ t h  the 20-1.190-0 configuratians. 
Recovery curves for the 30-1.190-0 and 40-1.190-0 canfigurations 
show no peaks bemuse of' the strong inverse bow wave ahead of the 
throat (reference 3). Opxatian of the inlets at 50 angle of attack 
resulted i n  loss of most o r , a U  of the peaked recoveries preeent at 
Oo m e  of attack  but otherwise had no effect on the slope or mag- 
nitude of the recovery  curves. 

The series of inlets designed with a contraction ratio of 1.176 
( s l i g h t l y  under the theoretical PELXfmum fo r  a free-etream Wch number 
of 1-85} gave recovery curves similar t o  those obtained fo r  the inlets 
with a contraction ratio of 1.190 but lllaximum recoveries were sl ightly 
lower, as ha8 been theoretically mtici.pated. (See fig. 10.) 

Data obtained from tes t8  of t he  Cylindrical inlet a d  Of the 
inlet that  diverged .at an lncluded angle of 5O, thereby forming a 
continuation of the subsonic diffuser, a r e  pr0sarlted i n  figures 11 
and 12. No peak i n  pressure recovery is theoretically pOBBibl9 with 
ei ther   inlet .  Comparison of the results f r o m  t e s t a  of the converging 
Inlets and t e s t s  of the cyllndrical and diverging  Inlets ahow that 
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-L the i q w e d  total-pressure  recoveries of the converging Wets me 

z 
obtainable only with close  control of Ag/A1. All inlets showed 
approxir0atel.y the same characteristics a t  5' angle of attack inas- 
much as peaked recoveries were largely unobtainable wLth the  con- 
ve rga t   i n l e t s .  

cu 

The maximum recoveries of the several in l e t s  corresponding t o  
conditions with the n o m 1  shock inside t h e  diffwer are sllmmFlrized 
In figure 13. For the8e t ea t s  without  thraata the' maxirmun recovery 
m a  obtained with t h e  26-1.190-0 configumtion;  the TIElximum recovery 
exceeded the theoretical recovery behind a norm1 8hock a t  a free- 
stream Mach nuniber of 1.85 by 3 percent. 

According t o  a theory of  shock-wave s t ab i l i t y  proposed bg 
m t r o w i t z  (reference 5), insertion of a straight throat  section 
between t h e  i n l e t  and the subsonic diffuser should result in 
lnCrea8ed pressure  recoveries by decreasing the tendency of the 
shock to jmp ahead of the i n l e t  when 89 attempt is  =de to   locate  
it near the minimum section. 

Throat sections I, 2, and 4 fnches in  length were investigated 
to  validate this theory. Static-pressure  distributions in the inlets, 
the throats, and a portian of the subsanic diffuser  for each of the 
configurations  tested are  shown in figure 14. Retention of the norm1 
shock wave imide  the diffuser as evidenced by inlet s t a t i c  pressures 
of the  order of 0.20 free-stream total pressure ocourred a t  minimum 
values of &/A1 of 0.931 fo r  the  configuration ~ t h o u t  the throat, 

indicating operation of the throats as theoreti-  anticipated. 
(See the appendix. ) 

- 0.906 f o r  the 1-inch throat, and 0.860 for the 2-inch throat, thereby 

Supersonic flow w&s never established into the inlet of the con- 

layer. The presence of the boundary layer f a  shown by the decreasing 
static pressures Fn the direction of air flow in the throat aection. 

f i v t i o n  ~ 5 t h  the 4-inch throat owlag to the build-u. O f  born- 

The pressure recoveries obtained with t h e  configumtions used 
to  investigate  the  effect  of throat length are presented i n   f i g -  
ure 15; the I[p35=Lmum recoveries are plotted in ffgure 16  as a func- 
t ion of throat le-. Insertion of the 1-inch throat resulted in a 
4.4-percent increase in mximwn pressure recovery as c w e d  with 
the recoveqy of t he  mtue inlet with no throat and insertion of the 
2-inch thrmt resulted in an 8.2-percent increase- Use of the 4-inch .. throat section  decreased the maximum recovery owing to fa i lure  of the 
normal shock.mve t o  enter the inlet .  AU. configurations s v e  approsd- 
rna te ly  the same resu l t s  a t  So angle of attack; a pressure peak was 

- Uaobtalnable s 
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The results of severa l  inlet6 tested in combination with t he  * 

2-hch throat to determine the poesibilitiea of combining the peak 
recoveries  of  the M e t e  and t he  *cat ehowed~consistaatly  high 
recoveries with all conbbmtians.  (See fi-. 17 etnd 18.) !Ithe =xi- 
mum recovery  (fig. 18) wa6 obtained with smller inlet  convergence 
angles thaa w&s the case in the  configurations with no throats 
(fig. 13); t he  maximum  total-pressure  recovery of 0.838 free-stream 
total pressure was obtained with t he  10-1.176~2 c&iguratim. The 
racovery of the 20-1.176-2 configmatian was greater than the 
recovexy ~ 5 t h  t he  20-1.190-2 collfigumtion,  which was a reversal 
of t?m results from t h e  same inlets Hthout throat ssotims. 

cu 
s 

The maximum recoveries of the canfiguratians bviw the 2-inch 
throat section  renrained somewhat higher a t  increasing angles of a t t a c k  
thas did  the  configurations without throats. The llEtximum recoveries 
(with the shock swallowed) of the 10-1.176-2 configuration at several 
angles of attack  from Oo to 5 O  are shown in figure 19 as a f'unction 
of ang le  of attack. 

The surmvlrized data of figures 13, 15, and 18 m e  presented in 
figures 20 asd 21 Fn tern of the energy efficiency of t h e  diffuser. 
The enorgy efficiency q I s  defined as t he  portion of' available 
kinetic energy in t h e  free  air s t r e a m  that is recovered in the  dif- 
fuslan process. The quatian fo r  this value in terms of' the total 
pressures in t h e  free 'stream and Rt the diffuser outlet  is  developed 
in reference 2 and, in the aotation of t h e  present paper, ie: 

" - " . ,"1"". ~ .I - - "" - " +  ,. - .  " 

where Po and P4 " ' a r e  t h e " b t a 1  pressures in @e free s t r e a m  a d  
at t h e  diffuser  outlet,  respectively, and ", is the free-stream 
&ch number. 

The mimum efficiency  for  the  conf'igumtims without throat 
sections was obtained with the 20-1.190-0 configuration; 91.2 percent 
of the kinetic energy of the free  air stream wae recovered.  Addition 
of t h e  2-inch throat reaulted h , a  mxirnum  efficiency of 92.4 percent 
for the 10-1.176-2 configuration. 
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As part of a general study of aupersonfc diffusers, an investi- 
gation of several   inlet  and throat cm.binations tested a t  a free- 
stream lhch nmber of 1.85 in-a cmvergent-divergent  diffuser 
m g e m e n t  Kith  a  subsonic dif  fuaer of 5O included  divergence 
angle e v e  the following resul ts  : 

1. Total-pressure  recoveries i n  excess of W e  theoretical 
recovery acrosa a n o m 1  shock a t  a free-stream  Mch number of 1.85 
were obtained with a number of configurations. The mxirnum to-1- 
pressure recovery was obtained with an inlet having a contraction 
r a t i o  of 1.176 and an Included cmvergence angle of loo operated in 
cdination with a 2-inch s t ra ight  throat section between the inlet 
and the subsdc   d i f fuse r .  The throat was found to stabi l ize  t he  
shock inside tbe  diffuser. The maximum pressure recovery a t  Oo 
angle of attack with this configuration m a  0.858 free-stream total 
pressure and corresponded to recovery of 92.4 percent of t h e  Idnetic 
energy of the f ree  air s t r e a m .  

2. Configurations tested without  throat  sectime gave highest 
recoveries v t t h  an i n l e t  hmbg an included cmyergence  angle of ZOO. 
Inlsts having a contraction  ratio of 1.190 gave sli&tly higher 
recoveries than corresponding in l e t s  of 1.176 coIxLracticm rat io .  

3. Operations of configurations a t  5O angle of attack  resulted 
Fn reduction of the maxlrnm total-pressura  recmeries  obtained with 
the shock inside the diffuser t o  belaw the theoretical  recovery 
behind a shock a t  free-stream Mch number . The u8e of a 2-inch 
t5roa-b section lessened the reduction in recovery due to angle of 
attack. 

- 

4- The velocity dlstribution at the  outlet  of the subsonic 
diffuser was found t o  be reasonably uafform for all caf igumt ions  
at ra t ios  of combustion-chaniber-outlet area t o  diffuser-inlet  area 
required to Illaintain the norm1 ahock near t he  throat of the diffuser 

I#wis Flight Propulsion Laboratory, 

Cleveland, Ohio. 
National Advieory Committee for Aeronautics, 

, 
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The theoz'etical  total-pressure-recovery curves In figure6 9 
to 12 a d  figwee 15 and 17 were based on an aeaimed me-dimensional 
nonviecous air flow according t o  the following malys ie  : ' 

- .. 
" 

It c m  be shown t h a t - t h e  equatian m =I OVA f o r  t h e  mass rate 
of a i r  flow rn 'through a closed channel can be rewritten in t e r n  
of the &oh nuniber M as 

where 

m mass ra te  of sir flow 

P density 

v velocity 
. .  

A flmazea 

7 ratio of specific  heat at 'constant pressure to specific heat 
at cona!.tant volume 

If the air flowing through the diffuser enters with free-stream 
velocity (that is, the shock is swallowed), t2e me8 flow is c a z l E h t  
irrospectivs of outlet condltiours and m y  be determined from condi- 
tians of any point  In t he  system. If f l o w  through the d i f f u s e r  and 

. . 
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d the simulated combustion  chamber without heat transfer is assumed, 
the stagmtion temperature of the air i s  unchenged- From conserva- 
tion of II~&SB, the relation betweori the t o t d l  pressure and t h e  flow 

combustion chamber can therefore-be derived from equation (2) as 

3 
I area a t  the inlet t o  the  diffuser and a t  the outlet  of the simulated 
I 

(3) 

where subscripts land 5 denote  conditions a t  the diffuser W e t  and 
the simulated combustion-chamber outlet,  respectively. 

The t o t a l  .praseme at the-diffuser  outlet  P4 can be substituted 
fo r  P5 by assuming f r ic t ianless  flow; P 1  be replaced by the 
free-etream t o t a l  pressure PO; and MI c k  be replaced by the free- 
stream &ch  number because ths  shock is asS~m~c3d ta occur inside 
the Sffuser. Sonic velocity  occurs a t  the combustion-chamber outlet  
and Mg has E value of 1.0. Therefore equation (3) reduces to the 
fOZXl, 

The right-hand member of eqwition (4) i s  t he  reciprocal of the 
isentropic area r a t i o  required t o  accelerate the air from sonic 
valocity t o  &ch number Mo and is a constant for any aven flight 
h c h  number. A t  hB.ciz  number 1.85 the value of the constant is  
0.669 (7 = 1.4ctO). 

The highest recovery f o r  which equation (4) I s  val id  is the 
recover7 across a normal shock located a t  the throat of the diffuser. 
This Value must be determined from ane-dinensional  calculations 
applied to the given configuration. m e  a rea   mt io  A ~ / A ~  theretjy 
determined i s  the minimum for retentLon of the n o m 1  shock lnside 
the diffuser.  Any further reduction in Ag/A1 forces the n o m 1  
shock wave ahead of t he  diffuser, w-here it OCCLWS a t  free-stream - mch nurIiber, and t h e  total-pressure recovery remins constant a t  We 

’ free-str8a.m shock-recovery value. 
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An increase in A5/A1 moves the  normal ehock  downstream from L 

t h e  throat of t h e  diffuser  and decrease8 t h e  total-pressure recovery 
accordhg to equation (4) a8 the shdck  occur^ at progressively higher 
bkch numbers. 

N 
IC eo 
. .  -- 

The minimum  pressure recovery satisfying the conditions of qua- 
tl on (4) is t h e  value that gives  sonic  velocity at the combustion- 
chamber  outlet with a static pressure just equal to the free-stream 
static pre6sure. 0333,s m i n i m u m  total-pressure recovery is independent 
of t h e  configuration and is given by the f o r m u l a  

.. 

Y 
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c 

TABLE I - INLET DIMENSIONS AM> SUMWRY 

OF INTXC-TSRQAT COMBIKATIONS 

Cnlet-throat 
C a m b F n a t i o n  

(1 1 

5-1 190 -0 
10-1.190-0 
15-1.190-0 
20-1.190-0 
20-1.190-2 
30-1.190-0 
40-1.190-0 
5-1.176-0 
5-1 17 6-1 
5-1 17 6-2 
54-17 6-4 
10-1 17 6-0 
10-1- 17 6-2 
15 -1 17 6-0 
15-1.17 6-2 
20-1.176-0 
20-1.116-2 
C ~ l i l l d r i C S l  
Diver- 

inlet nose 
diemeter 
a(fig. 1) 
(in- 1 
1 . 682 
1. 682 
1-682 
I0 682 
1. 682 
1 682 
1 682 
1.672 
1.672 
1.672 
1.672 
1.672 
1.672 
1.672 
1.672 
1-672 
1.672 
1 542 
1.453 

" 

1 

1.605 
0803 . 533 . 397 . 397 . 261 
0.192 

1.489 
1 489 
1.489 
1 489 
.743 . 743 . 494 . 494 
369 
369 

-855 
1.021 

.. 

0 
0 
0 
0 
2 
0 
0 
0 
1 
2 
4 
0 
2 
0 
2 
0 
2 
0 
0 
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combust i o n .  

Convergent l n l e t s  Cgllndrl c a l  In let  Divergent-  Inlet 

, .  

". 
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P Pitot tube 
S Static-pressure o r i f i c e  
3s Pitot-static tube 

-qiz&7 

Figure 2.- Instrumentation at combustton-chamber 
inlet. 
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( a )  A 5 / A l ,  0.650.  

F i g u r e  3 .  - S c h l i e r e n   p h o t o g r a p h s   o f  a i r  f l o w  a b o u t   d i f f u s e r  . 
i n l e t  f o r  s e v e r a l   o u t l e t - i n l e t  a r e a  r a t i o s ,  A 5 / A 1 .  M o ,  
I .85; a n g l e   o f   a t t a c k ,  5 O .  
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Diotanc4 from eubson ic  d i f f g s e r  inlet, i n .  

(b)  Angle of attack. sa. E! 
Figure 4 .  - Concluded. Static-pressure d1s:rIbutlon along di f fuser  for several outlet  nreas'witn 20-1. 190-2 c o n f i e u r r t l o n .  4 

L ! : 1 .  I 
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2.0 1.5  1 .o .5 0 .5 1.0 1.5 2.0 
Distance from center l ine  of combustion-chamber, in. 

(a) Angle of attack, 0'. 
Figure 5.- Static-pressure distrlbutlon at combustlon-chamber l n l e t  for several  outlet 

areas with 5-1.176-2 conflguratlon. 



Distance f r o m  center line or combustion-chamber, In. 
(b) Angle of attack, So. 
Figure 5.- Concluded. Static-pressure distribution at combustiorrchmber inlet tor 

several outlet areas with 5-1.176-2 configuration. 
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I 

8.0 1.5  1.0 .5 0 .5 1.0 1.5 
Distance frm center llne of combustlon-chamber, in. 

(a) Angle of attack, Oo. 

Figure 6.- Total-pressure dlstrlbutlon at combustion-chamber lnlet for several  outlet 
areas with 5-1.176-2 conflguration. 

.. .. . 



Distance from center line of combustion-chamber, in. 
(b) Angle of attack, ,  6 O .  

Figure 6.-  Csncluded. Tota l -presaure   d l s t r lh l~ t lon   a t   combust lonrhamber   in l e t  for 
several n u t l e t  areaa with 5-1.176-2 conflguratlon. 
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2 1 0 1 2 3 4 
Distance from subsonic diffuser inlet, in. 

(b) 10-1.290-0 conflguratlon. 
Figure 7.- Continued. Static-pressure  distribution  along top 

of inlet and subsonic  diffuser  with no throat  at  angle of 
attaok of 00. 
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Distance from subsonla diffuser Inlet, in. 
( a )  15-1.190-0 eonfiguration. 
Figure 7.-  Continued. Static-preosure dlstrlbutlon along top 

of i n l e t  and subsonlo diffuser wlth no throat a t  angle o f  
attaak of Ool 
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Distance from subsonic d l f f u s e r  inlet, in. 
( d )  20-1.190-0 configuration. 8 

Figure 7.-  Continued. Statlo-pressure dfstrlbutlon along top 
of i n l e t  and  subsonic diffuser with no throat a t  angle of 
attack of' Oo. 
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Distance from subsonic diffuser inlet, in. 
(e) 30-1.1904 configuration. 
Figure 7.- Continued. Static-pressure dlstributlon along t o p  

of inlet and subsonic diffuser with no throat at angle of 
attack of Oo. 
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0 

% 
4 

e 90 

. 50 

. 30 
2 1 0 1 2 3 4 

Distance from subsonic diffuser inlet, in. 
(f) 40-1.190-0 configuration. 
Figure 7. -  Concluded. Statlc-presaure distribution along top 

of inlet and subsonic d l f f u s ~  with no throat at angle of 
attaak o f  Oo. 

.. . 
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28 

26 

18 

' .16 

T 

Theore tl cal pres sure 
based on flow i n t o  

. a corner with turn- i 

a Conf iguratlon 
rl 

rds 
B L  

a , a  r l s  
dCL 

rl -24 0 5-1.190-0 
0 10-1.190-0 
0 15-1.1904 

E k  A 20-1.190-0 

Y i !  

0 0 4  .8 1.2 1.6 
Distance f rom subsonic diffuser in le t ,   in .  

.gure 8.-. Comparl son or theoretiaal and measured s t a t i c  
pressures i n  8 ffuser -inlets with  no throat at angle 
of a t taak  of 0 4 . FI 
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Outle t-lnle t area ratio As/h1 
(a) 6-1.190-0 conftguration. 
Figure  9.- Effect of oombustion-chamber-outlet area on average 

total-pressure reoovery with no throat at contraction ratio 
of 1.190. 

. 
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. 90 

. 80 
0 

% a 

2 .?O 
6, 
s4 
c 
0 
0 

6, 
s4 

5 .60 
u1 
v) 
0, 
t a 
4 

I 

2 .50 
0 u 
Q, 

(d 
bD 

L : 
4 040, 

””“”- 

\ 

030. ‘x. 

. 20 
0 .4 e 8  1.2 1.6 2.0 2.4 

Outle  t-Inlet area r a t i o ,  A5/A1 

(b) 10-1.1904  configuration. 
Figure  9.- Continued. Effect of combustion-charnber-outlet area 

on average total-pressure  recovery  with no throat at  contraction 
ratio of 1.190. 
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outlet-inlet area rat io ,  A ~ / A ~  

( c )  15-1.190-0 configuration. 
Flgure 9.- Continued. Effeot  of cornbustlon-chamber-outlet 

area on average total-pressure recovery with no throat a t  
contraction ratio of 1.190. 

4 
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. 

O u t l e t - I n l e t  area ratio, A J A ~  

( d )  20-1.190-0 conflguration. 
Figure 9.- Continued. E f f e c t  of combustion-chamber-ooutle t 

area on average total-pressure recovery  wlth no throat a t  
contractLon ratio of 1.190. 
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. 

U 

Outle  t-1 nle t area ra t f  0 ,  A ~ / A ~  

( e )  30-1.180-0 conf i eurat lon.  
Figure 9.-  Continued. E f f e c t  of combustion-chamber-outlet . 

arcs on average total-preaeure recovery with no throat a t  
contract ion retlo of 1.190. 
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Outlet-inle t area ratio,  A ~ / A ~  
(f) 40-1.190-0 conf lgurat lon.  

Figure 9.- Concluded. Effect of cornbustion-chamber-outlet 
area on average total-pressure recovery with no. throat at 
contraction  ratlo of 1,190. 

37 
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.. . 

Outlet-inlet area r a t io ,  A ~ / A ~  
(a) 5-1.176-0 c o n f i g u r a t i o n .  
Figure .lo.- Effeot of combustion-chambnr-outlet area on average 

total-pressure recovery with no throat at contraction ratio 
of 1.176. 
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Outlet-inlet area ratio,  A ~ / A ~  
(b) 10-1.1764 configuration; 
Figure 10.- Continued. Effect of combustion-chamber-outlet 

area on average  total-pressure recovery with no throat at 
contraction ratio of 1.176. 

4 
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Figure 10.- Continued. Effec t  of  combustion-chamber-outlet 
area on average total-pressure recovery with  no throat at 
contraction ratio of 1.176. 
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a 0 

0 . 4  .a 1.2 1.6 2.0 2.4 
Outle t- inlet  area ratio, A ~ / A ~  

( d l  20-1.1764 configuration. 

Figure 10.- Concluded. Effect  of combustion-chamber-outlet 
, area on average totrl-pressure recovery wlth no throat at 

~ . 

contraction ratlo of 1.176. 
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1 

.4  e 8  1.2 1.6  2.0 2. 
Outle t-inle t area ratlo,  A ~ / A ~  

Figure 11.- Effect of combustion-chamber-outlet  area on average 
total-pressure recovery with o throaqand cylindrical l n l e t .  6 
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l4 

4 
& 
0 

O u t  le  t-fnle t area rat l o ,  A ~ / A ~  

.Figure 12.- Effeot  of combustion-ehamber-outlet area on average 
total-pressure recovery with no throat and diverging inlet. 
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Figure 13 . -  E f f e c t  of i n l e t  angle on maximrim to ta l -  
pressure r e c o v e r y  with normal shock i n s i d e  d i f fuser .  
No throat, angle of' a t tack  of OO. 

c 



1.c 

Figure 1 4 . -  Stat ic -pressure   d ls tr ibut lon along diffuser for  several o u t l e t  areas 
with 5-1.176 I n l e t  at  angle of attack of 0 . 
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Distance rrom subsonic  diffuser  inlet ,  in. 
( c )  5-1.176-2 configuration: 
Figme 14 . -  Contlnued. StatIc-pressuFe distribution  along  diffuser  for severa l  out- 

let areas with 5-1.176 i n l e t  at angle of attack of  Oo. 

. . .  



Dlstance from subsonic diffuser l n l e t ,  in. 
( d )  5-1.1764 configurntion. 
Figure 1.4.- Concluded. Static-pressure  dlstrlbutlon along diffuser f o r  severa l  out- 

let areas with 5-1.176 i n l e t  a t  angle of attack or Oo. 
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4 
Outle t-inle t area ra ti 0 ,  &/A1 

(a} 5-1.1766 conflguratlon. 
Figure 15.- Effect  of combustion-chamber-outlet area on average 

total-pressuke recovery with S -1.176 i n l e t .  
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Outlet-inlet area ratio,  A ~ / A ~  
(b) 5-1.176-1 configuration, 
Figure 15.- Continued. Effect of combustion-ehamber-outlet 
area on average total-pressure recovery with 5 -1.176 
lnle  t . 

. 
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Outlet-inlet area ratio, A J A ~  
( c )  5-1.176-2 ."" conflgura  tion. 
Figure 16.- Continued. Effect of combustion-chamber-outlet 

- . .. . 

area on average total-pressure reeovery w l  t h  5 -1,176 
inle t . 

4 
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(a)  5-1.176-4 configuration. 
Figure 15.- Concluded. Effect of combustion-chamber-outlet 

area on average total-pressure recovery with 5-1 -176 
qnle t l 
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T h r o a t  length, L ,  in. 

pressure recovery with normal shock nside diffuser. 
5-1.176 I n l e t ,  angle of attack of 0 . Figure 16.- Effect  of  throat length on maximum total-  

b 
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. . . " . . 

- 

Outlet-inle t area ratio, A ~ / A =  

(a) 10-1.176-2 configuration. 
Figure 17.- Erfect of combu8tion-chamber-outlet area on average 

total-preseure recovery with Q-inah throat. 
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,, "- 

Outle t-inle t area ra t io ,  h5/A1 

(c ) EO-1.11642 conflguratlon. 
Figure 17.- Continued. Effect  of combustion-ohamber-outlet 

area on average total-pressure recovery wl th 2-inoh throat, 



NACA RM E50KD7 57 . 

# 

c 

c, 
0 

Outlet-inlet afea ratio, A ~ / ’ A ~  

(a) 20-1.190-2 configuration. 
Figure 17,- Concluded. Effect of combustion-chamber-outlet 

area on average tatal-pressure recovery with 2-inch throat. 
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r - r 

Tnle t 

ratio, 1,190 

r a t i o ,  1.176 

0 Converging; contractlon 

Converging; contraction 

1 
8 4  

Angle of attack,  deg - 
W.".. ...- * 

Figure 19.- Effect  OP a i i l e  of attack on maximum total- 
pressure reooverg w f t h  normal shook inside diffuser. 
10-1.176-0 aonflguratlon. 
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Contra c t 1 on Throa t 
Tnlet rat io  length 

fin.) 
0 Converglng 1.176 2 

I 

0 Converging 1.190 0 
0 Convargl ng 1.190 2 

A Convergfng 1.176 0 
1-1 V Cylindrical 
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Tnlet Included angle, T, deg 
Pigure 20.- Effect of i n l e t  angle and throat length on 

maximum energy efficiency with normal shock I nside of 
dlffuser, Angle of attack of 0'. 
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Throat length, L, in. 

e f f h l ~ ~ ~ ~  with normal ehock inside diffuser.  . S-T.176 
Inlet,angle of attaok of Oo. 

IpigUP0 21.- Effect of throat length on maximum energ 
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